The optical-absorption coefficient o.(m) in heavily doped n-and p-type GaAs is evaluated for comparison with the observed values of Casey et al. The purpose is to test the theory of electrons in heavily disordered systems derived by Sa-yakanit and the absorption matrix element (ME) which follows from this theory. The present calculation of a(m) begins with the density of electron states (DOS) and the electron wave functions. The ME is then derived. The screening of the interactions by the carrier electrons depends on the DOS. Since the DOS, ME, screening, and the Fermi energy, which provide the essential input for a(m), are interdependent they must be evaluated iteratively until consistent. The final u(co) agrees quite well with experiment. The overall a(~) is also similar to that calculated by Casey and Stern although very different inputs for a(co) are used. The o.(co) is found to be very sensitive to the DOS, the ME, and the band-gap shrinkage. The comparison with experiment suggests the present combined model of the DOS and the ME represent heavily doped GaAs well but that the band-gap-shrinkage calculations need further refinement.
of the densities of carrier states p(E) in the band-tail region and the absorption matrix element (ME) that follows from this theory. The new ME is developed in the present paper. The interdependent p(E), ME, Fermi energy, and screening provide an internally consistent model for a(co) which can be tested by comparison with experiment. GaAs is considered because of the relative simplicity of its band structure and because both experimental measurements and previous calculations are available for comparison.
Any calculation of a(co) is necessarily complicated. A model must include a description of the band structure and the density of carrier states under heavy doping. The interaction between the carriers and the dopant ions must be considered. The wave functions of the carriers and a model for the ME using these wave functions is required.
The screening of the interactions by the carriers, the Fermi energy, and the variation of the band gap with doping must be also determined.
The present model begins with pure GaAs having a single conduction band separated from a doubly degenerate valence band by an energy gap Eg. Below the doubly degenerate valence band there is another "split-off" valence band which we ignore. Since absorption near band edges only is considered the bands are assumed to be parabolic with an appropriate effective mass. This restricts the investigation to a narrow range of energies, 1.35 eV &~& 1.55 eV. We also consider "vertical" transitions only which again restricts us to GaAs where the conduction-and valence-band edges lie directly above one another.
When GaAs is doped with impurities of positive charge Z (relative to GaAs) the electrons donated by the impurities occupy states immediately below the conduction band.
At heavy-doping levels, XD ) 10' cm, these impurity electron states merge with the conduction band and form a conduction-band tai1 reaching into the energy gap. ""
The impurity electrons are here assumed to interact with the impurity ions via a screened Coulomb potential. Screening is described within the Thomas-Fermi approximation. As pointed out by Wolff, ' the average (Hartree) electron-electron and electron-ion potentials cancel due to charge neutrality. The impurity electron-band-tail states are therefore determined by Auctuations in the electronimpurity ion potential which follow from local fluctuations in the impurity-ion concentration.
Similarly, when the doping impurities have a negative Z, hole (acceptor) states appear above the valence band.
At doping levels Xz ) 10' cm these hole states form a valence-band tail reaching up into the energy gap. A specific example of band tails in both the valence and conduction bands calculated here for Xz --1.5X10' em &D --3X10' cm ' giving p=N& -AD=1.2X 10' cm is shown in Fig. 1 . For both positive and negative impurities we assume "shallow" impurity states so that at high doping the impurity states always form band tails. (5), this is
We now examine the basic ingredients of a(a)): the DOS, the Fermi energy in f(E), the ME, and the band-gap shrinkage AE. 
where p is the net hole concentration (normally set at p =X~ND). Q is obtain-ed from
We calculated EE and Q here via (7) and (8) 
The matrix element appearing in a(co) is Here we use the b, Eg due to Inkson' with Q determined as discussed above, and due to Casey and Stern. From Fig. 4 are established using Casey and Stern's counting method which is discussed in Eqs. (19) and (20). In Fig. 6 However, the present~M, ""I is a much broader function of (E E,) and e-xtends over a much wider interval of E -E,. Thus when the Casey and Stern and present I M,"" I appear integrated over E in a(co) they give approximately the same a(co).
In Fig. 7 we show the present a(co) for both p-and n type GaAs with the band-gap shrinkage AEz arbitrarily set to zero. The purpose is to display the Mossgurstein' ' shift in the calculated a(co). In Fig. 7 In Fig. 8 we show the sensitivity of cz(co) to~M, ""
The dashed line shows cz(co) calculated using Eagles's constant ME given by (18). This ME describes electron excitation from a localized state right at the top of the valence band E =E" to a (delocalized state) right at the bottom of the conduction band. The (constant) a(co) in Fig. 8 
B. Optical absorption
In Fig. 9 we show the present tz(co) calculated using the present matrix elements shown on Fig. 6 and Casey and Stern's empirical expression for b, E&. The a(to) for three n-GaAs at T=297K doping concentrations of both n and p--type GaAs is shown in Fig. 9 . The values of b, Eg used are listed in Table II . For n type Ga-As we have simply used Eq. (22) with p replaced by n. The mobility edge method is used to determine the values of k"and k, . Figure 10 shows a(co) calculated as in Fig. 9 In Fig. 11 we show cx(co) calculated using the present SG DOS given by (3) and using the Kane DOS. In both cases Eagles's constant matrix element is employed. The purpose of Fig. 11 is to display the sensitivity of a(co) to p(E). We use Eagles's ME because the parameters y"and y, needed in the present ME [Eq. (15) ] cannot be determined for Kane's DOS. As noted in Fig. 8 the cc(co) at high photon energies i5cu in the "plateau region" is overestimated using Eagles's ME. However, Eagles's ME is quite accurate at low Rco involving states near the band edges.
From Fig. 11 we see ct(co) is very sensitive to p(E). Kanes p(E), which is too large in the band-tail region, clearly predicts an a(co) which is too large at low fun. Also, Fig. 8 Fig. 12 Fig. 12 .
From Fig. 8 Fig. 9 ). In the present case, once the DOS is established, the envelope ME is completely determined and there is no further adjustment possible. Fig. 4 ). Thus the present values of a(co) shown in Fig. 10 Fig. 9 as our best and final result for a(co). Is the difference between the calculated a(co) and experiment shown in Fig. 9 significant? In the plateau region of a(co) lies -40 -S0% FICx. 14. Parabolic impurity potential U(r) and wave function S(r ) of an electron in the potential U(r).
